Introduction
Pesticides, heavy metals and other agrochemicals are some of the major causes of environmental toxicity in farm animals (Rajaganapathy et al., 2011) . The public health effects of pesticides cannot be denied and the undesirable effects of chemical pesticides have been recognized as a serious public health concern during the past decades (Hasmi and Khan, 2011) . A pesticide may causes reproductive toxicity through direct damage to cells, interference with biochemical processes necessary for normal cell function and biotransformation resulting in toxic metabolites (Hasmi and Khan, 2011; Mathur and Cyanthia, 2006) . are inadvertently exposed to pesticides through occupational use at all stages starting from pesticide purchase, transport, storage, dilution of pesticide concentrate, leaking of spray equipment, and inhalation during pesticide spraying (Maroni et al., 2000) .
Earlier studies give some indication of increased reproductive risks of exposure to pesticide / heavy metals, but the epidemiological evidences do not allow any clear inference to be drawn (Thakur et al., 2008; Mostafalou and Abdollahi, 2012; . Thus the present study was designed to examine the possible effect of environmental contaminants on the male fertility indices and testicular functions in T. indica and B. bengalensis inhabiting the South-West region of Punjab in North India.
High levels of pesticides residues existing in the environment exerts adverse effects on reproductive health of animals leading to direct toxicity to the reproductive organs or by interferences with the hormonal functions (Kumar, 2004) . Exposure of pesticides lowers the sperms count levels below the limit leading to male infertility (Mathur et al., 2010 and Rani et al., 2013) .
Materials and Methods
Male field rats T. indica and B. bengalensis were collected from Bathinda district of the South-West region of Punjab and also from Ludhiana district that served as Ludhiana rats using multicatch rat traps. Approval of Institutional Animal Ethical Committee, Guru Angad Dev Veterinary and Animal Science University (GADVASU), Ludhiana vide letter No. 3901-35 dated 06.08.2012 was obtained for the usage of animals. Animals were brought to laboratory and separated according to species and sex following humane sacrifice, the reproductive organs viz. testis, epididymis (caput, corpus and cauda), vas deferns and other accessory organs like prostate and seminal vesicles were excised cleaned of the adhering tissue and weighed separately. The organo-somatic index (OSI) was calculated by using the following formula as per Chattopadhyay et al. (2011) .
Pesticide residue analysis
Pesticide residue analysis was done in the blood following the method of Erney (1974) with some modification. Pesticide residue analysis of rats collected from two regions was done. The weight of various reproductive organs, biochemicals and histological studies of testis fertility evaluations of the epididymis of Bathinda and Ludhiana rats were compared.
Biochemicals studies in Testis
For biochemical studies, 1g of testis were homogenized in 2 ml of phosphate buffer saline (PBS 0.1M, pH 7.4) and testis homogenate was centrifuged at 3000 r.p.m. for 10 min. The supernatant was used for estimation of total soluble proteins and various enzymes. Proteins were estimated by the method of Lowry et al. (1951) . Total lipids from the testis tissue were extracted by the method of Folch et al. (1957) . Total phospholipids were estimated by Ames (1966) method and cholesterol was estimated by Chiamori and Henry (1959) . Acid phosphatases (ACP) and alkaline phosphates (ALP) activities were measured in citrate buffer (0.05M ph 10.5) and glycine buffer (0.05M ph 10.5), respectively using p-nitrophenol phosphate as substrate following the method of Bessay et al. (1946) .
Histological examination of testis
Tissues for histological studies were fixed in alcoholic bouin's solution for 24 hr. After fixation, the tissues were dehydrated in a graded series of ethanol, cleared in xylene and embedded in paraffin wax (Melting point between 58 -60°C). The 5µm thick sections were cut serially with the help of a microtome and after usual de-waxing and rehydration in descending series of ethanol to water, the sections were stained in haematoxylin, counterstained with eosin, cleared in xylene and mounted in DPX.
Evaluation of fertility
Cauda epididymis were separated from caput and corpus regions, weighed and suspended in 0.5 ml of phosphate buffer saline (PBS) at 37°C. Epididymal fluid was collected in PBS by giving cuts to the cauda epididymis and sperm enriched epididymal fluid was collected in a tube. The spermatozoa were analysed for their motility, concentration and abnormalities.
Sperm motility
The motility of sperm was evaluated directly after mincing a drop of sperm suspension, microscopically. A drop of sperm suspension under the cover slip was examined for motility at X400 using an Olympus microscope (CH-21). Sperm motility was expressed as percent of motile sperm of the total sperm counted, according to Linder et al. (1986) .
Sperm concentration
The spermatozoa concentration was carried out by diluting the sperm suspension with PBS (1:20), and mixed together. A drop was placed in a Neubaur haemocytometer and the sperms were counted in the large five squares and expressed as sperm concentration in million according to Feustan et al. (1989) .
Sperm abnormalities
About 100 spermatozoa were observed for normal morphology, headless, abnormal head, middle piece swelling, middle piece coiling, tail bending, tail coiling and multiple deformities at x 1,000 using an Olympus microscope (CH-21) and percent of each was calculated.
Statistical analysis
Results are expressed as mean ± standard error of mean (SEM) and subjected to Student t-test. The results were considered statistically significant with p<0.05.
Results and Discussion

Reproductive Organs
The weight of epididymis, cauda testis and prostate and weight of epididymis, caput vas deferens, seminal vesicle and prostate were significantly decreased in T. indica and B. Bengalensis collected from Bathinda district of South West region of Punjab ( Table -1 ). The testes of the animals are highly susceptible to damage produced by genetic disorders, environmental or occupational exposure to chemicals or other means (Mathur and Cyanthia, 2011) . The decline in testis weight may also be the result of a decrease in sperm count, which may reflect the interference with androgen output. Moreover, the deleterious effects of environmental contaminants on reproductive organ weight might be due to a decrease in testosterone level (Takizawa and Horii 2002, El-Kashoury et al., 2010) . Also, Simic et al. (2012) reported that, the decrease in testicular weight of lindane-treated rats may be due to reduced tubule size, spermatogenic arrest and inhibition of steroid biosynthesis of leydig cells. The reduction in the weight of the accessory organs indicates atrophy of glandular tissue and also a reduction in secretary ability. Several studies have shown that the epididymus and accessory sex organs require a continuous androgenic stimulation for the preservation of their normal structural and functional integrity (Simic et al., 2012) . Thus the slight reduction in the weight of the epididymus and accessory sex organs in the treated rats may be due to lower bioavailability of androgens (Mathur and Chattopadhyay 1982 ; El-Kashoury et al., 2010) . Earlier studies have demonstrated that exposure to estrogen or estrogen-like chemicals induce major pathological effects in epididymus in men and experimental animals (Chitra et al., 2001) .
Biochemical studies
Total proteins decreased in the testicular homogenate in T. indica of Bathinda region as compared to Ludhiana rats. Total lipid content was non significantly changed in both the species of rats collected from the South West region of Punjab as compared to Ludhiana rats (Table -2 ). There was a significant decrease in the content of cholesterol in B. bengalensis. However, the phospholipid content of testis was significantly increased in T. indica and not much variation in B. bengalensis testis of rats inhabiting the Bathinda region of Punjab as compared to Ludhiana rats. In the present study the content of both the enzymes acid and alkaline phosphatase (ACP and ALP) decreased in the testis of B. bengalensis but non-significantly varies in T. indica of Bathinda rats as compared to the Ludhiana rats (Table -2) .
Biochemical parameters are a sensitive index of the changes due to pesticide toxicity and can constitute an important diagnostic tool in toxicological studies (Singh and Saxena, 2001 ). The decrease in testicular proteins from Bathinda rats may indicate the induced degenerative changes in the testis of rats or general disturbance of the protein metabolism, which may be due to androgen/estrogen deficiency leading to impaired gametogenesis. The testicular fluid contains both stimulatory factors as well as inhibitory factors that selectivity alters the protein secretions (Brooks, 1983) . Thus, the changes in protein suggested that there is a reduction in the synthetic activity in the testes (El-Kashoury et al., 2010) . A marked increase in the lipid and cholesterol content of the testis may be associated with the impairment of testicular function (Kaur et al., 1999 ). The increase of cholesterol level in the testes may be a result of its non utilization leading to the reduction of the production of testosterone, the main hormone involved in the control of fertility of animals including rats (Sakr et al., 2001; Bhattacharyya et al., 2004) . Decrease in the testicular phospholipid content of Bathinda rats may be due to loss of cells with their phospholipidladen membranes (Kaur et al., 1999) . This perhaps results from functional disintegrity of the membrane of testicular cells due to the oxidative damage (Kalra, 2013) . Acid phosphatases are enzymes capable of hydrolyzing orthophosphoric acid esters in an acid medium. The testicular acid phosphatase gene is up-regulated by androgens and is downregulated by estrogens (Yousef et al., 2001) . Activities of free lysosomal enzymes have been shown to rise when testicular steroidogenesis is increased (Mathur and Chattopadhyay, 1982) . A decrease in ALP activity indicated that pesticide produced a state of decreased steroidogenesis. A decrease in the ACP in free state would thus reflect decreased testicular steroidogenesis in rats and this may be correlated with the reduced secretion of gonado trophins (Latchoumycandane et al., 1997; Chitra et al., 1999) . In rat testis, ALP is located in the plasma membrane (Kornblatt et al., 1983) and therefore, the decreased activity of membrane bound ALP observed in the present study might be due to the reduction in the number of spermatocytes and spermatids (Kaur et al., 1999) .
Pesticide residue analysis
Chlorpyrifos pesticide residue was detected in male T. indica rats collected from Bathinda district ( Fig.-1A and B) . Metabolites of chlorpyrifos bind 1983) . Thus, the changes in protein suggested that there is a reduction in the synthetic activity in the testes (El-Kashoury et al., 2010) . A marked increase in the lipid and cholesterol content of the testis may be associated with the impairment of testicular function (Kaur et al., 1999 ). The increase of cholesterol level in the testes may be a result of its non utilization leading to the reduction of the production of testosterone, the main hormone involved in the control of fertility of animals including rats (Sakr et al., 2001; Bhattacharyya et al., 2004) . Decrease in the testicular phospholipid content of Bathinda rats may be due to loss of cells with their phospholipidladen membranes (Kaur et al., 1999) . This perhaps results from functional disintegrity of the membrane of testicular cells due to the oxidative damage (Kalra, 2013) . Acid phosphatases are enzymes capable of hydrolyzing orthophosphoric acid esters in an acid medium. The testicular acid phosphatase gene is up-regulated by androgens and is downregulated by estrogens (Yousef et al., 2001) . Activities of free lysosomal enzymes have been shown to rise when testicular steroidogenesis is increased (Mathur and Chattopadhyay, 1982) . A decrease in ALP activity indicated that pesticide produced a state of decreased steroidogenesis. A decrease in the ACP in free state would thus reflect decreased testicular steroidogenesis in rats and this may be correlated with the reduced secretion of gonado trophins (Latchoumycandane et al., 1997; Chitra et al., 1999) . In rat testis, ALP is located in the plasma membrane (Kornblatt et al., 1983) and therefore, the decreased activity of membrane bound ALP observed in the present study might be due to the reduction in the number of spermatocytes and spermatids (Kaur et al., 1999) .
Chlorpyrifos pesticide residue was detected in male T. indica rats collected from Bathinda district (Fig.-1A and B) . Metabolites of chlorpyrifos bind 
International Journal of Advanced Life Sciences (IJALS)
ISSN
-758X
Parkash Singh and Gurinder, IJALS, Volume (11) Issue (3) August -2018. RESEARCH ARTICLE
1983). Thus, the changes in protein suggested that there is a reduction in the synthetic activity in the testes (El-Kashoury et al., 2010) . A marked increase in the lipid and cholesterol content of the testis may be associated with the impairment of testicular function (Kaur et al., 1999 ). The increase of cholesterol level in the testes may be a result of its non utilization leading to the reduction of the production of testosterone, the main hormone involved in the control of fertility of animals including rats (Sakr et al., 2001; Bhattacharyya et al., 2004) . Decrease in the testicular phospholipid content of Bathinda rats may be due to loss of cells with their phospholipidladen membranes (Kaur et al., 1999) . This perhaps results from functional disintegrity of the membrane of testicular cells due to the oxidative damage (Kalra, 2013) . Acid phosphatases are enzymes capable of hydrolyzing orthophosphoric acid esters in an acid medium. The testicular acid phosphatase gene is up-regulated by androgens and is downregulated by estrogens (Yousef et al., 2001) . Activities of free lysosomal enzymes have been shown to rise when testicular steroidogenesis is increased (Mathur and Chattopadhyay, 1982) . A decrease in ALP activity indicated that pesticide produced a state of decreased steroidogenesis. A decrease in the ACP in free state would thus reflect decreased testicular steroidogenesis in rats and this may be correlated with the reduced secretion of gonado trophins (Latchoumycandane et al., 1997; Chitra et al., 1999) . In rat testis, ALP is located in the plasma membrane (Kornblatt et al., 1983) and therefore, the decreased activity of membrane bound ALP observed in the present study might be due to the reduction in the number of spermatocytes and spermatids (Kaur et al., 1999) .
Pesticide residue analysis
Evaluation of fertility
There was a decrease in the percent sperm motility in T. indica and B. bengalensis Bathinda rats compared to Ludhiana rats. (Table -3 ). Sperm concen tration was significantly reduced in T. indica and B. bengalensis Bathinda rats as compared to Ludhiana rats (Table -3 ). The percent morphological abnormalities (head, tail and multiple) in spermatozoa of rats of South Western Punjab much higher as compared to Ludhiana rats. Non significant increase in percent tail and multiple sperm abnormalities was observed in these rats as compared to the rats of Ludhiana groups (Table -3 and Fig.-2) . The assessment of sperm motility is one of the basic elements of semen analysis and is especially important in samples where many sperm are immotile, to distinguish between immotile dead sperm and immotile live sperm (Björndahl et al., 2003) . Sperm count is liable to decrease either due to decreased sperm production in seminiferous tubules or decreased sperm maturation in epididymis under effects of some chemical (Rani et al., 2013; Taib et al., 2013) . Decline in sperm motility and concentration can be attributed to environmental contaminants leading to androgen insufficiency (Chitra et al., 1999 , Mathur et al., 2011 . Sperm motility evaluation done by Perobelli et al. (2010) also revealed a statistically significant reduction in the number of sperms in rats exposed to single or mixed pesticides as compared to control group. The results of our study are in accordance with Huang et al. (2007) who reported that exposure to high concentrations of NaF (200ppm and 300 ppm) in drinking water lead to decrease sperm count, sperm motility, sperm survival and an increased sperm abnormality in male mice. Treatment with either higher or lower lindane dose also induced a significant decrease in epididymal sperm numbers and sperm motility (Simic et al., 2012) .
Histological studies of Testis
The sections of testis were observed for morphological characteristics of seminiferous tubules, spermatogonia and spermatocytes. The use of histopathological evaluations, while evaluating animal tissue is of prominent role in male reproductive risk assessment. The microscopic examination of sections of the testes of Ludhiana T. indica and B. bengalensis revealed that the parenchyma of testis was formed of rounded seminiferous tubules (Fig.-3 and 4, A and B) . In transverse sections testis contain numerous semini-ferous tubules which are different in their shape and size. The primary spermatogonial cells, primary and secondary spermatocytes, spermatids and sperm bundles are visible in the seminiferous tubules of Ludhiana rats ( Fig. 3 and 4, A and B) . Each semini-ferous tubule is lined by a thin basement membrane and the interstitial cells and connective tissues are present in between the tubules. The lumen of the seminiferous tubule contains numerous sperms (Fig. -3 and 4, A and B) . The microscopic examination of testis section of the Bathinda rats revealed some distorted seminiferous tubules and degenerative changes in the seminiferous tubules with increased lumen of semini ferous tubules in the T. indica and B. bengalensis (Fig.-3 and 4, C and D).
Histological evaluations are especially useful in providing a relatively sensitive indicator of damage, reduction in the number of sperms in rats exposed to single or mixed pesticides as compared to control group. The results of our study are in accordance with Huang et al. (2007) who reported that exposure to high concentrations of NaF (200ppm and 300 ppm) in drinking water lead to decrease sperm count, sperm motility, sperm survival and an increased sperm abnormality in male mice. Treatment with either higher or lower lindane dose also induced a significant decrease in epididymal sperm numbers and sperm motility (Simic et al., 2012) .
The sections of testis were observed for morphological characteristics of seminiferous tubules, spermatogonia and spermatocytes. The use of histopathological evaluations, while evaluating animal tissue is of prominent role in male reproductive risk assessment. The microscopic examination of sections of the testes of Ludhiana T. indica and B. bengalensis revealed that the parenchyma of testis was formed of rounded seminiferous tubules (Fig.-3 and 4, A and B) . In transverse sections testis contain numerous semini-ferous tubules which are different in their shape and size. The primary spermatogonial cells, primary and secondary spermatocytes, spermatids and sperm bundles are visible in the seminiferous tubules of Ludhiana rats ( Fig. 3 and 4, A and B) . Each semini-ferous tubule is lined by a thin basement membrane and the interstitial cells and connective tissues are present in between the tubules. The lumen of the seminiferous tubule contains numerous sperms (Fig. -3 and 4, A and B) . The microscopic examination of testis section of the Bathinda rats revealed some distorted seminiferous tubules and degenerative changes in the seminiferous tubules with increased lumen of semini ferous tubules in the T. indica and B. bengalensis (Fig.-3 and 4, C and D) .
Histological evaluations are especially useful in providing a relatively sensitive indicator of damage, and with short-term dosing, providing information on target cells, extent of toxicity and indicating the potential for recovery (Akinloye et al., 2002) . In the lindane treated rats, the cells were irregularly shaped and there was marked intercellular space between the spermatogenic cells and cell disorganization was found (Simic et al., 2012) .
Conclusion
Significantly reduced body weight, testicular and epididymal weights, sperm concentration, sperm motility and testosterone in the Tatera indica and Bandicota bengalensis inhabiting Bathinda district of the South-West region of Punjab indicates the effect of environmental contaminants especially pesticides that may be responsible for alteration in biochemical and physiological processes from the normal range.
